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Coal seams naturally contain a large amount of gases such as methane (CH 4 ) and carbon-2 dioxide (CO 2 ). In a general estimation, the gas content for different types of coal varies 3 between 0.1 and 25 m 3 per tonne of coal. Coal seam gas (CSG) is mainly composed of 4 methane (CH 4 ), which is estimated at 80%-95% of overall gas content. There are still many 5 technical challenges associated with gas production from deep coal seams with high gas 6 content and low permeability. In order to overcome these challenges, wellbores are 7 commonly drilled directionally from vertical to horizontal sections with different diameter 8 and lengths. A reliable prediction of CSG flow depends on the appropriate consideration of 9 coal structure and reservoir properties as well as production wellbore geometry. Previous 10 investigations of CSG production has been focused mainly on either reservoir simulations or 11 wellbore flow characteristics.
12
Many studies have been carried out to simulate flow of fluids from different types of 13 reservoirs into wellbores (Jenkins and Aronofsky, 1953; Aronofsky and Jenkins, 1954; Al-14 Hussainy, et al., 1966; Yao, et al., 2013) . Early theoretical models or numerical simulations 15 were developed primarily for oil and gas applications. Jenkins and Aronofsky (1953) 16 presented a numerical method for describing the transient flow of gases in a radial direction 17 through a porous medium for which the initial and terminal pressure and/or flow rates are 18 specified. They developed a simple means for predicting the well pressure at any time in the 19 history of a reservoir. In their next study (Aronofsky and Jenkins, 1954) an effective drainage 20 radius was suggested for which the steady-state gas flow assumption could be used to predict 21 the well pressure in the process of gas reservoir depletion. In a rigorous model, Al-Hussainy the reservoir and wellbore interfaces.
14 On the effect of wellbore wall influx/outflux, a number of studies have been carried out to 15 understand the flow filed behaviour and pressure drop along wellbores (Asheim, et al., 1992; 16 Yuan, 1997; Su and Gudmundsson, 1998; Yuan, et al., 1999 compared with previous models.
In addition to theoretical models, some researchers have simulated wellbore flow using 13 numerical techniques to avoid the simplifying assumption (Folefac et al., 1991; Seines et al., 14 1993; Siu, et al., 1995; Su and Lee, 1995; Yuan, et al., 1998; Ouyang and Huang, 2005) . Guo Depending on wellbore geometry, the flow characteristics through the coal seam and 7 wellbore may vary significantly. Some theoretical models and reservoir simulators have been 8 presented accordingly. However, these models need further improvements with regard to the 9 simplification of boundary condition assumptions on the reservoir-wellbore interface.
10
Efficient production of coal seams gas requires a better understanding of reservoir and 
Model assumptions

19
CSG is trapped inside the coal seam by water and ground pressure. The methane gas is 20 maintained inside the coal matrix sealed with water existing in coal fractures (i.e. cleats). As 21 the reservoir pressure at wellbore reduces, the water begins to flow out of cleats letting the gas be desorbed from the coal matrix. Based on the described production process, the Coal is considered as a homogenous porous media holding gas in the coal matrix;
8
Fluid flow through the fracture network of coal obeys Darcy's law;
9
Flow through the wellbore is considered turbulent; and
10
The flow variables are transferred between wellbore and porous zone by defining an 11 interface at the contact region of the two zones.
12
One of the most determining parameters, affecting gas production from coal seams, is the 13 coal (reservoir) permeability. Coal permeability varies from near 0.1 to 100 md for deep and 14 shallow reservoirs, respectively (Darling, 2011) . In this study, the horizontal and vertical 15 permeability of 10 md and 1 md, respectively, are considered for the coal seam zone. In order
16
to generalize the computed results, the dimensionless parameters, given in Table 1 , are
18 kg/m 3 are assumed for wellbore diameter, length, pressure, liquid density and gas density, Considering varying mass transfer across reservoir-wellbore intersection, the conservation 6 equations of mass momentum and energy can be written as follows:
where ij τ is the Reynold stress tensor that represents the effect of turbulent fluctuations on 8 fluid flow and is defined by:
This term is computed using standard ε − k turbulence models to close the mass and 10 momentum equations. This turbulent model has been widely used and verified for simulation 11 of wellbore flow with wall injection by a number of previous studies (Su, 1996; Yuan, 1997; 12 Ouyang et al., 2009). The details of turbulence models used in the current study with all the 13 constant values can be found in theory guide of the software package (FLUENT, 2011).
Reservoir flow equations
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The volume blockage, which is physically present, is not represented in the model. Therefore, 1 a superficial velocity inside the porous medium based on the volumetric flow rate is used.
2 This is to ensure the continuity of velocity vectors across the porous medium interface. The 3 porous medium is modelled by the addition of a momentum sink term to the standard fluid 4 flow equations. To do this, Darcy's flow is considered through the coal fracture network.
5
Under the suggested assumptions for coal seam zone, the conservation equations are written 6 below:
where S m is the mass source term accounting for the production of gas from coal seam. In 8 order to add mass source term in reservoir zone, internal functions and macros supplied by 9 ANSYS Fluent are compiled in the C programming language and then hooked to the solver.
10
The macro used in this study, specifies the custom mass source term S m in Eq. (4) 
The above momentum sink term contributes to the pressure gradient in the porous cell, 14 creating a pressure drop that is proportional to the fluid velocity in the cell. are carried out using parallel processing on a high performance computing workstation with 7 32 nodes. Each node is configured as follows: 2 × 10 cores @2.60GHz, 128GB RAM. 
where Re is the Reynold number, ε is the absolute pipe roughness. Same geometries as Table 2 . It is seen that the integrated model provides more accurate results
15
compared to wellbore flow model. A close examination of the velocity vectors at the 16 reservoir-wellbore interface for the integrated model shows that the gas is released into the wellbore in the direction of wellbore stream. However, the wellbore-only model proves the important influence of efficient wellbore drilling on reservoir production. confirms that gas production can be enhanced by development of larger diameter wellbores.
21
To scrutinise the effect of wellbore diameter on coal seam pressure distribution, the pressure 
Effect of wellbore geometry on productivity index
16
One of the appropriate tools for evaluating the wellbore performance in petroleum 17 engineering is productivity index (PI) which is defined as the ratio of produced liquid flow 18 rate to pressure drawdown. In order to study the effect of wellbore geometry on wellbore 19 performance, dimensionless productivity index (J D ) is calculated as follows:
The effect of wellbore dimeter and length on productivity index for the single phase methane 
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Highlights:
• An integrated CFD model of reservoir-wellbore flow was developed.
• Fluid production can be enhanced by increasing the wellbore diameter and length.
• Increasing the wellbore diameter leads to pressure reduction through coal seam.
• At a certain distance from wellbore outlet, pressure is independent of upstream flow.
